The purpose of the paper is to identify the chemical characteristics of drinking groundwater and its distribution patterns in Pengyang County and to discover the hydrochemical evolution laws of groundwater. The temporal and spatial variation of groundwater hydrochemical characteristics and evolution laws were comprehensively and systematically studied based on the understanding of the geological, hydrogeological, meteorological and hydrological conditions. Many analytical methods such as descriptive statistics, geostatistical analysis, ionic ratio coefficient method and correlation analysis were adopted based on the underground water quality analysis data. Study results showed that variation coefficients of chemical parameters of pore water in unconsolidated rocks were relatively high which indicated that water chemical compositions are vulnerable to topography, meteorology, hydrology and human activities. TDS variation was in accordance with the changes in Ca 2+ , Mg 2+ and SO 4 2-concentration. Hydrochemical type varied from HCO 3 ·SO 4 -Na·Ca·Mg type and HCO 3 ·SO 4 -Ca·Mg type at the upper reaches towards gradually to HCO 3 -Na type at the lower reaches. Ionic ratio coefficient analysis showed that the hydrodynamic conditions of the pore water in loose rocks were better than that of pore-fissure water in clastic rocks and groundwater was non-marine deposited water. Its formation effects include the weathering leaching effects of the formation containing rock salt, water-rock interaction and cation exchange reaction. Hydrochemical characteristics were mainly controlled by geological and hydrogeological conditions. Correlation analysis showed that the dissolution of rock salt and sodium sulfate salt as well as calcite precipitation occurred in pore water and in pore-crack water in clastic rocks the dissolution of albite, K-feldspar and the precipitation of dolomite were also important effects.
Introduction
Pengyang County is situated in the southern mountain area of Ningxia Hui Autonomous Region. The area is 62 km long from north to south, 58 km wide from east to west and covers 3241.1 km 2 .
As is located in sub-humid and semi-arid areas, the annual precipitation here is small with strong evaporation, surface water quality is poor with strong seasonality and groundwater resources are not very rich either, which together made it one of the most serious water-shortage areas in the world. Groundwater here is the main source of drinking water of local residents and the availability and quality of groundwater resources in the area have been closely related to the local economic development and people's living standards, which indicates the necessity for carrying out hydrochemical field and evolution laws research. The chemistry of groundwater is an essential parameter to assess the environmental characteristics of an area 1~2 . The main factors affecting water quality changes are lithofacies geographical conditions, groundwater recharge and runoff conditions, the opening degree of groundwater systems 3 . Through chemical characteristics research and evolution research, the chemical characteristics and its distribution pattern of drinking groundwater can be identified, the mechanism of interaction between groundwater and the environment can be revealed through groundwater chemical evolution research, and all of these are of great theoretical significance and practical significance to promote the regional socioeconomic development, environmental protection and governance. In this paper, in order to provide theoretical support for the rational exploitation of groundwater, descriptive statistical analysis, geostatistical method, correlation analysis, the ionic ratio coefficients method were synthetically used to do a comprehensive and systematic study on the temporal and spatial variability of the groundwater hydrochemistry and evolution laws and to reveal the major hydrochemical evolutionary processes of groundwater quality.
Overview of the study area
Pengyang County is situated in south of Ningxia Hui Autonomous Region, east of Liupan Mountains. It is situated between longitude from 106°32'E to 106°58'E, latitude from 35°4l'N to 36°17'N ( Figure 1 ). Typical semi-humid, semi-arid climate with four distinct seasons is dominated here, hot and rain are in the same quarter with little rain and strong evaporation. Average annual rainfall is 450 mm and the rainfall distribution is uneven in space and time, precipitation in the region mostly concentrated in July, August and September, and the total precipitation of the three months, in form of storm rain, accounted for nearly 60% of the total precipitation in the whole year. Precipitation during crop growing period accounted for only 25% of annual precipitation 4 . The average annual evaporation is 1400~1600 mm, which is three times of the rainfall. Rivers in Pengyang County including Ruhe River, Honghe River and Anjiachuan River all belong to Jinghe River system. Ruhe River and Honghe River originates from Xiaoguan Mountain while Anjiachuan River originates from "North-South Ancient spine" in northwest Pengyang. Surface water runoff is characterized by small base flow, large flood runoff, obvious seasonality and poor water quality. Landscape types in the region are dominated by medium and low mountains, loess hills and river valley terraces. The exposed rock strata are mainly Cretaceous sandstone in the western and eastern part of the stuffy area, Tertiary sandstone and muddy siltstone covered in the middle and Quaternary alluvial and proluvial deposits in the southern plain area. Based on the groundwater occurrence conditions and water features, groundwater in Pengyang can be divided into four different types including pore water in loose rocks, pore-crack water in clastic rocks, bedrock fissure water and karst fissure water in carbonate rock.
Bedrock fissure water and karst fissure water in carbonate rock have no water supply significance due to limited distribution in scope and pore water in loose rocks and pore-crack water in clastic rocks are important water supply aquifers which are rich in water resources. 
Experimental
Descriptive statistical analysis on hydrochemical parameters is the foundation to study its characteristics and evolution laws. Through descriptive statistical analysis, we can roughly understand the enrichment and evolution laws of the chemical compositions in groundwater. A total of 74 samples buried less than 10 meters were collected across the study area and all the samples were analyzed according to the standards proposed by Chinese Ministry of Water Resources. The statistical analysis on the hydrochemical parameters of pore water in loose rocks and pore-crack water in clastic rocks in this paper was conducted with statistical software SPSS 13.0 for Windows. The calculated results are shown in Table 1 . 
Results and Discussion
The variation trends of major ion are basically the same in both pore water in loose rocks and pore-crack water in clastic rocks. . pH values are higher than 7 which indicates that groundwater is alkaline and the variation coefficient of pH is relatively small which indicates that the spatial variation of pH in groundwater is weak and the occurrence conditions of groundwater has weak effects on the spatial variation of pH.
All the variation coefficients of the hydrochemical parameters in pore water except Na + and NO 3 -are bigger than those in pore-crack water. This shows that the spatial variability of hydrochemical properties of the pore water in loose rocks is stronger than that of pore-crack water in the clastic rocks, being vulnerable to external factors such as topography, hydrometeorology and human activities due to its smaller buried depth.
In the pore water of loose rocks, the variation coefficient of HCO 3 -is relatively smaller, indicating weaker spatial variability of HCO 3 -and relative stability in its content. Whereas SO 4 2-, NO 3 -, Cl -, Ca
2+
, Na + , Mg 2+ and K + possess bigger variation coefficients, which reflects the existence of a strong spatial variability in their contents. At the same time, SO 4 2-, Na + and HCO 3 -show bigger mean values and bigger standard deviations, which indicate that the absolute contents of these three ions in pore water of loose rocks are higher and are the major constituents of groundwater that determine the hydrochemical groundwater types. The variation coefficients of major ions in the pore-crack water of clastic rocks are relatively smaller, which indicates the contents in groundwater are less affected by outside interference.
Spatial variations of TDS, TH and hydrochemical types
The spatial variation characteristics of TDS and TH TDS and TH are important indicators to evaluate groundwater quality. TDS is usually affected by topography, lithology, burial conditions, groundwater recharge, runoff and discharge conditions as well as human activities. According to the level of TDS, groundwater can be divided into fresh groundwater (TDS<1000 mg/L), moderately salty water (1000<TDS<3000 mg/L) and salty water (TDS>3000 mg/L) and according to the grading standards of TH (as CaCO 3 ), groundwater can be divided into soft water (TH<150 mg/L), moderately hard water (150<TH<300 mg/L), hard water (300<TH<450 mg/L), extremely hard water (TH>450 mg/L). TDS and TH contours maps are drawn with the Surfer 9 software with application of the theory and methods of geostatistics and Kriging interpolation method (Figure 2 & 3) . Figure 2 we can see that in most parts of the study area the groundwater is fresh water with TDS<1000 mg/L which is suitable for human and animal consumption. Only around northern Luowa Town and the vicinity of the southwestern Gucheng Town, TDS varies from 1000 to 3000 mg/L, being moderately salty water. And salty water does not appear in the study area. TDS generally shows a gradual decrease trend from west to east. Of the total 74 groundwater samples collected during the research, the fresh water samples accounted for 83.78%, moderately salty water samples accounted for 16.22%. By analysis on the concentrations of major ions, concentrations of Ca . From Figure 3 we can see that the TH of groundwater in the study area is generally large. The groundwater in study area except in Fengzhuang Town and the eastern part of Mengyuan Town is moderately hard water, hard water and extremely hard water. Extremely hard water is mainly distributed in the western of Gucheng Town and the eastern regions of Pengyang County in smallscale whereas moderately hard water and hard water are found in the central and southern parts in larger-scale distribution. The TH shows a gradual decrease trend from west to east, which shows that in western part of the study area, the contents of Ca 2+ 
Spatial evolution laws of hydrochemical types
Regional hydrochemical characteristics are usually determined by the constant components in groundwater. The hydrochemical types are classified in accordance with internationally accepted classification standards. The analyzing processes are as follows: Firstly, the millinormal percentage of the ions is calculated, if its value is higher than 25%, it can be considered as the main ions involved in hydrochemical classification. Then Kriging spatial interpolation method will be adopted to draw the cation and anion hydrochemical type partition map respectively. After comprehensive analysis we can obtain the distributions of hydrochemical types. Hydrochemical map of cation and anion are shown in Figure 4 and Figure 5 , respectively: Figure 4 that Na-type water distributes across the whole study area. What makes the difference is that different cations superimpose in different regions. For example, around Gucheng Town, Xinji Town and Chengyang Town, Na-type water is superimposed with Mg-type water and Ca-type water, forming Na·Ca·Mg compound water, and around the intersection of Xiaocha Town, Jiaocha Town and Wangwa Town, Na-type water is superimposed with Ca-type water, forming Na·Ca compound water. In other regions Mg-type water is superimposed on, Na·Mg compound water is therefore formed. It can be seen from Figure 5 that the HCO 3 type water almost covers the whole study area and in the northern part and southwestern part of the study area HCO 3 -and SO 4 2-are superimposed and form HCO 3 ·SO 4 type compound water.
The above analysis results show that from southwest to northeast the content of Na + increases whereas Mg 2+ and Ca 2+ decrease. The concentration of HCO 3 -increases from north and south to the center, while the concentration of SO 4 2-decreases. Summarized from the above analysis, hydrochemical types of the drinking groundwater can be determined. In the southwest area HCO 3 ·SO 4 -Na·Mg·Ca type water is dominated and HCO 3 ·SO 4 -Na·Mg type water is mainly distributed in the southwest of Pengyang County, while the central part is covered mainly by HCO 3 -Na·Mg type water and in the northern part HCO 3 ·SO 4 -Na·Mg type water and HCO 3 -Na type water are widely distributed.
Ionic ratio coefficients
Hydrogeochemical evolutions of groundwater are controlled by many factors and the application of various ionic ratio coefficients is an effective means to study the material sources of groundwater evolution 5 . The various ratio coefficients of the chemical compositions in the groundwater are often used to study some hydrogeochemical problems 6~8 . Ionic ratio coefficients can reflect the hydrogeochemical environment of the water formation and water-rock interaction 9 . Ratio coefficients can help us to understand the source and the formation of groundwater compositions and can be better used to describe and depict the evolution and characteristics of water quality than the traditional singleanalysis method both in time and space scale, as well as can help us to make typical analysis on hydrogeochemical evolution 8 .
The parameter of γCl -/γCa 2+ , ratio of concentration of Cl -and Ca 2+ in milligram equivalent, is a parameter charactering the hydrodynamics 8 and its value can be representative of groundwater hydrodynamic conditions 10 . The higher the value is, the worse the hydrodynamic conditions. Parameter of γCl -/γCa 2+ in pore water and pore-crack water are 0.57 and 1.43, respectively. This shows that hydrodynamic conditions in the pore water of loose rocks are better than that in pore-crack water of clastic rocks. Usually, Ca 2+ is a dominant cation in a low-mineralized environment. With the TDS increasing, Mg 2+ will gradually increase. With the TDS further increasing, Na + in groundwater will become the dominant cation 10 . The worse the hydrodynamic conditions, usually the higher the TDS is, and when TDS is high, Cl -is hard to migrates, and the concentration of Cl -will increase with TDS. At the same time, Ca 2+ will decline with TDS, which finally will cause the parameter of γCl-/γCa 2+ to be relatively higher. On the contrary, when runoff conditions are good, the parameter of γCl-/γCa 2+ will be relatively lower. . Relationship of γNa + and γCl -in the study area is shown in figure 6 . As can be seen from Figure 6 , all water samples are located above 1:1 line, which indicates the concentration of Na + in milligram equivalent is greater than that of Cl The discussion and analysis of these ionic ratio coefficients show that the overall hydrochemical characteristics of the study area are mainly controlled by geological and hydrogeological conditions. Hydrodynamic conditions greatly affect the groundwater chemical compositions and hydrochemical changes.
Ionic correlation analyses
Correlation analysis can reveal the similarity of groundwater chemical parameters and consistency and differentiation of sources of groundwater 7 . Statistical software SPSS 13.0 for Windows was adopted to calculate the Pearson correlation coefficients and the calculated results are listed in Table 2 .
In pore water of loose rocks, Na + , Mg 2+ and SO 4 2-has a significant positive correlation with TDS, and their correlations have passed significance test at the 0.01 level and correlation coefficients exceed 0.8. Especially, correlation coefficient of SO 4 2-with TDS is 0.963. In addition, the correlations of Na + with SO 4 2-and Cl -are also significant, of which the correlations have also passed significance test at the 0.01 level, from which it can be judged that during the runoff process to the downstream, from west to east, NaCl and Na 2 SO 4 continuously dissolves, which leads to the increase of Na (8) We can see from the above ionic correlation analysis that dissolution of rock salt and sodium sulfate salt and calcite precipitation have taken place both in pore water of loose rocks and in pore-crack water of clastic rocks during the flow. Particularly in pore-crack water of clastic rocks dissolution of albite and K-feldspar and dolomite precipitation also occurred, which can be attributed to the different sedimentary environment and different hydrogeological conditions between loose rocks and clastic rocks.
Conclusion
Hydrochemical characteristics and the evolution of drinking groundwater in Pengyang County were studied with descriptive statistical analysis, ionic ratio analysis and correlation coefficient analysis and the spatial distribution of hydrochemistry parameters was also studied with the statistical theory and method. Finally the following conclusions were obtained:
The descriptive statistical analytical results showed that the concentrations of HCO 3 -and Na + for anion and cation respectively in the drinking groundwater were the biggest and hydrochemical types were mostly compound water of the anions HCO 3 -, SO 4 2-and the cations Na . All pH values are higher than 7, of which the variation coefficient was relatively small, which indicated that groundwater occurrence conditions had few effects on the spatial variation of pH and groundwater chemistry. The variation coefficient values of hydrochemical parameters in pore water of loose rocks were higher than that in the pore-crack water of clastic rocks, which indicated that pore water in loose rocks were vulnerable to topography, hydrometeorology and human activities.
The spatial variations of TDS, TH and hydrochemical types were studied with geostatistical methods and the results indicated that TDS and TH showed a similar change law in the study area, namely, TDS and TH decreased gradually from west to east in the study area. TDS changes were mainly affected by the concentration change of Ca 2+ , Mg 2+ and SO 4 2- . From upstream to downstream, from west to east, the concentrations of Na + and HCO 3 -gradually increased and the concentrations of Ca 2+ , Mg 2+ and SO 4 2-decreased gradually. Hydrochemical type varied gradually from HCO 3 ·SO 4 -Na·Ca·Mg type water in the upper reaches to HCO 3 ·SO 4 -Ca·Mg type water in the middle reaches and to the HCO 3 -Na type water in the lower reaches of the study area.
Ionic ratio coefficient analysis showed that the hydrodynamic conditions of the pore water in loose rocks were better than that of pore-crack water in clastic rocks and groundwater was non-marine deposited water. Its formation effects include the weathering leaching effects of the formation containing rock salt, water-rock interaction and the exchange reaction of Ca 2+ in the groundwater with Na + in solid soil particles. Hydrochemical characteristics were mainly controlled by geological and hydrogeological conditions. The groundwater chemical composition and hydrochemical evolution were greatly affected by hydrodynamic conditions.
The correlation analysis results showed that the dissolution of rock salt and sodium sulfate salt as well as calcite precipitation occurred in both pore water of loose rocks and pore-crack water of clastic rocks. Besides, albite, K-feldspar dissolution and dolomite precipitation also occurred in clastic rocks.
